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THE PROBLEM OF CANCER CONSIDERED

FROM THE STANDPOINT OF IMMUNITY.*
BY FREDERICK P. GAY, M.D., BOSTON,

Harvard Medical School.

The probability of applying the principles of
immunity, determined by studies on bacterial in-
fections, to the problem of cancer was not very
great so long as this disease was studied only as
it occurred in human beings. The introduction
of experimental cancer research in animals
through transmissible tumors has made the possi-
bility of combating this disease by means of vacci-
nation or specific serum much more hopeful.
In cancerfcno parasitic etiological factor has as yet
been demonstrated, but progress toward a pre-
vention of the disease would seem at the present
moment not to be dependent on the discovery of
such an agent. We have indeed in rabies and in
smallpox two diseases that may be successfully
prevented, and, if we regard contagion as the be-
ginning of the disease itself, may be cured, in
spite of the fact that we possess little or no exact
knowledge as to the etiological agent in either of
these maladies. We are not, indeed, it seems to
me, primarily interested at the present moment
in discovering the cause of cancer, particularly if
we may regard the tumor itself as the agent of
infection and the body of the host as a culture
medium (Ehrlich).

It may be well, however, to consider, first, cer-
tain agents which have been claimed, and are still
being claimed, to be the cause of cancer, and,
second, to consider in particular certain accessory
etiological factors in the disease.

THEORIES OF CANCER ETIOLOGY.

Bacteria have been described in connection with
cancel' which have been supposed, by certain
authors, to bear an etiological relation to the dis-
ease. Doyen still maintains that his micrococcus
neoformans is the cause of cancer, and he has
attempted to treat the disease in human beings by
means of a serum from animals that have been
immunized against this coccus. Schmidt and
others have described certain yeasts as the cause
of cancer and have claimed to demonstrate their
presence in cancer tissues. Other authors have
attributed the etiological rôle in cancer to a pro-
tozoon, and various forms of organisms of this
nature have been described in the tissues. Bor-
rell, who is inclined to believe that some protozoon
must be the cause of cancer, admits, notwithstand-
ing, that none of the organisms described up to the
present time can be considered as proved to bear
any relation to the disease; he does, however, re-
gard the protozoon origin as probable on account
of the fact that cancer histologically would seem
to resemble other forms of supposedly protozoon
disease such as variola, sheep-pox (clavelée) and
molluscum contagiosum.

Leaving aside these supposed parasitic causes

of cancer thus summarily, we may turn to a brief
consideration of certain physiological factors or
substances in the blood which have been supposed
to bear some causal relation to cancer growth.
These substances may be grouped under two
general headings: Those substances which are
supposed to act in some positive manner in caus-

ing proliferation of epithelial cells, and those sub-
stances the absence of which in animals predis-
posed to cancer may give rise to the growth of the
tumor.

Starling has described the presence of certain
" chemical messengers," or

" hormons," in the
blood, arising usually in one organ, which affect
the development of another organ in the body.
Starling found that if virgin rabbits were given
injections of rabbit embryos, the mammary
glands of these animals would hypertrophy and
that the same substances injected into rabbits
that had borne young would lead to lactation in
addition to the hypertrophy. Loeb has applied
our knowledge of these hormons to the study of
tumors in an interesting manner. This author
found that an injury of the uterine wall in a preg-
nant guinea pig would lead to a proliferation of
decidual tissue at the point of injury. This de-
cidual growth does not occur, however, if the
corpora lutea are removed or destroyed before the
injury is inflicted. In other words, the corpora
lutea apparently form hormons which stimulate
growth of decidual tissue. Spuda noted in cer-
tain carcinomata that the growth of epithelium
apparently begins first about blood vessels, and he
concludes from this observation that there must
be present in the blood stream some substance
which stimulates its proliferation. This supposi-
tion of the presence of some stimulating sub-
stance in the blood also forms the basis of Fischer's
theory of " attraxins." These attraxins are sup-
posedly chcmeotactic substances in the blood
which stimulate the growth of epithelial cells.
Fischer has attempted to produce such overgrowth
by injections of sudan oil, but offers no distinct
confirmatory evidence as to the presence of such
stimulating substances in the animal body.

When we turn to the negative physiological
influences which have been supposed to contribute
to the growth of malignant tumors, we find that
Edel supposed the existence of certain normal
substances in the blood which inhibit epithelial
proliferation. He would regard the removal of
these inhibiting substances as a primaiy cause in
the growth of malignant tumors, and he suggests
that normal human serum be injected in order to
supply this deficiency. Such a supposititious
lack of normal inhibiting substances is comprised
in the theory of Beard, who has suggested the use

of an artificial ferment to replace this lacking
substance. He has used trypsin in human beings
and claims that injections of this sustance will kill
the abnormal tumor cells without affecting the
normal tissue. Von Leyden and Bergall, who
have attempted to confirm Beard's results, de-
cided that no such effect was produced by trypsin;
but they, in turn, describe a ferment which they
have isolated from the liver and which they claim
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affects only cancer cells. They attribute the
growth of cancer to a lack of this hydrolytic fer-
ment which is present in normal individuals.

In conclusion, the ideas of Albrecht and Ehr-
lich, as to the reason for the growth of cancer cells
over the normal cells of the body, may be men-

tioned. These writers conclude that cancer cells
grow more rapidly than normal cells on account
of their greater affinity for nutritive substances.

SPONTANEOUS CURE OF CANCER IN HUMAN
BEINGS.

Of great practical interest in connection with the
possibility of producing an artificial condition of
immunity in human beings afflicted with cancer
are observations on the disappearance of both
benign and malignant tumors in human beings.
Both sarcomata and carcinomata have been re-

ported by Czerny, Reichel, Rotter and others as

having spontaneously disappeared. As we shall
later see, the transmissible tumors of animals fre-
quently disappear after having grown for a con-

siderable period of time.

EMPIRICAL ATTEMPTS AT SPECIFIC TREATMENT OF
CANCER IN HUMAN BEINGS.

Attempts had been made to treat cancer in
human beings by more or less specific methods,
even before any of the exact knowledge which has
been acquired from the study of experimental
tumors in animals was obtained. Busch com-
mented on the fact that the interoccurrence of ery-
sipelas frequently leads to the disappearance of
cancer in a patient suffering from this disease.
On the basis of this apparent beneficial effect,
Fehleisen treated a number of cases of cancer with
cultures of the streptococcus isolated from cases of
erysipelas and apparently obtained certain bene-
ficial effects. The dangerous results from the
erysipelas itself led temporarily to an abandon-
ment of this method of treatment, but Coley has
for several years treated ca*es of inoperable sar-
coma with a toxin derived from the streptococcus
of erysipelas, or better still, with their toxin com-
bined with a toxin from the bacillus prodigio'sus.
He has reported some one hundred cases of in-
operable tumor which were either greatly bene-
fited or apparently perfectly cured by this method.

Attempts have been made to produce a specific
antiserum for cancer by immunizing animals
with cancer cells. Thus Richet and Hericourt
immunized dogs and asses with an extract of
human cancer and used the serum of these immun-
ized animals in the treatment of the disease.
Their results were, however, uniformly negative.
Von Dungern's description of a specific epithe-
liolysin, which he found in the serum of rabbits
that had received injections of the ciliated epi-
thelium from the trachea of the cow, gave hope
of the possibility of forming such a specific serum
for other epithelial cells. We have come, how-
ever, through the. work of Pearce and others, to
regard such cytolytic sera as specific for the ani-
mal species that has furnished the cells rather than
for any individual type of cells from such an
animal.

THE EXPERIMENTAL STUDY OF TUMORS IN
ANIMALS.

Tumors have been described in many mammals.
In addition to the tumors of wild animals, tumors
have been noted in such domestic animals as the
dog, cat, horse, cow, mouse and rat. Tumors are
very rare in amphibians and have not been de-
scribed in reptiles. They do, however, occur in
birds and fishes. These tumors of animals are
both benign and malignant, and the malignant
tumors are characterized by the same peculiarities
which accompany the malignant tumors of human
beings.

TRANSMISSION OF TUMORS IN ANIMALS.

There is no authentic record of the transmission
of a malignant tumor in the human being to an-
other individual. There are, however, cases in
which tumors have apparently been transplanted
from one part of the body to another in a given
individual. Many attempts have been made to
transfer the tumors of human beings to animals,
and with a few exceptions have been uniformly
unsuccessful. Dagonet describes the occurrence
of a tumor growth in a rat a year after implanting
a metastatic tumor from the lymph gland in man.
Werner describes the occurrence of a tumor with
métastases in a dog following implantation of a
human carcinoma of the jaw. From subsequent
observations in animals, we know that, as a general
rule, the tumors of one species can never be trans-
planted in animals of another species.

Nowinski, in 1876, succeeded in transferring a
nasal tumor of the dog to another dog. In 1889,
Morau transferred a carcinoma of the mouse

through seventeen successive generations in other
mice. In 1901, Locb described a sarcoma of the
rat which was transmissible to other rats but
which finally died out. In the same year, Jensen
described a large series of experiments with a
mouse carcinoma, and he succeeded through a
number of successive generations in transplanting
his tumor successfully in 50% of the animals
inoculated.

Since the description of these tumors, numerous
tumors of mice and several tumors of the rat and
dog have been described and studied by experi-
mental methods. Many of these tumors show
the characteristics of real malignancy in that they
produce métastases which lead to the death of the
animal.

Spontaneous tumors undoubtedly occur much
more frequently in animals than was at first sus-

pected. Whereas, a few years ago, Bashford
made the statement that spontaneous tumors in
mice occur in only twelve individuals out of
30,000, more careful observation through the en-
tire life history of these animals has led us to be-
lieve that such tumors are much more common.
Tyzzer, for example, has found that spontaneous
tumors occur in his mice in at least 5% of all the
animals. The success in transplanting these spon-
taneous malignant tumors of animals varies
markedly with the individual technic of the ob-
server. Ehrlich found that eleven out of ninety-
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four malignant tumors were trarisplantable. Cer-
tain types of tumors are much more readily
transplantable than others. Ehrlich found, for
example, that, in his experience, only 8% of the
hemorrhagic tumors could be transmitted to
other animals. That the individual technic in
transplanting is a matter of primary importance
as to the percentage in which these tumors take
has recently been evident by the work of Gierke
and of Murray. These authors succeeded in
transplanting thirty-seven out of forty-eight
hemorrhagic tumors similar to those described by
Ehrlich. They attribute the difference in results
to the fact that Ehrlich used much more of the
tumor substance in transplanting than they did.

There are certain general factors apart from
individual technic which must be considered in
drawing any conclusions from experiments with
transmissible tumors of animals. There arc pres-
ent, indeed, two sets of varying factors, one set
dependent on the animals inoculated and the
other on the tumor used for inoculation.

It has been the general experience of workers
in this field that young animals take the tumor
better than old ones. There are very marked
differences between races 'of the same animal
species in susceptibility to a given tumor. Thus,
Jensen found that whereas his tumor took well in
white mice, it took in a much smaller percentage
of cases in gray mice. Harland has found not
only differences in different races of mice, but
determined that a change of environment would
lead to a different resistance in a given race. He
found that if he removed Berlin mice to Norway,
they failed to take the Ehrlich tumor, whereas, in
Berlin, they were very susceptible to it. In addi-
tion to variations in race and environment, the
probable differences in individual resistance of
animals may be mentioned. The fact that certain
animals of a given lot fail to take an implanted
tumor, whereas others do take it, may be attrib-
uted, as Jensen has done, to the occurrence of
a natural immunity in the " negative " animals.

The tumor used for implantation may vary
remarkably in " virulence " during successive
generations. A tumor which takes in 100% of
cases when first transplanted, may, after several
successive generations, take in only 40 or 50%.
It is probable, also, that individual parts of a given
tumor vary in their virulence. The point of in-
oculation of the tumor is also of considerable
importance. Thus Bashford, Murray and Cramer
have shown that if the tumor is implanted in the
axilla, many more animals will take than when
the tumor is implanted on the dorsal surface of
the animal. This difference they attribute to the
greater vascularity of the former region. We
have already seen that variation in the amount
of tumor inoculated was the cause of the differ-
ence in results between Ehrlich and Gierke in
their transplantations of hemorrhagic tumors.
This factor of the amount inoculated is also of
importance in the experiments for the productionof an artificial immunity.. Tumors may change
markedly in cellular type during successive gen-
erations. Thus Loeb, Ehrlich and others have

described the transformation of a carcinomatous
tumor into a sarcoma, and Flexner and Jobling
have described transformation of a sarcoma of
the rat into a carcinoma. Apolant has mentioned
that carcinomata of the mouse grown in partially-
immunized animals may become adenomatous
in structure. Such changes as these in cellular
type are of undoubted importance in the viru-
lence of the tumor. The age of the tumor is of
some importance in the percentage of successful
implantations. It is in general agreed that old
tumors are better than young tumors, owing
perhaps to the fact that they contain more cal-
cium. (Clowes and Ba;slack.) Lewin, by pick-
ing the tumors which grew best, succeeded in
getting a more virulent strain. In some experi-
ments of my own, by successive implantation
from the métastases of tumors instead of from
the original inoculated tumor, I obtained a tumor
which was more virulent, as indicated by the fact
that it grew more rapidly and produced metasta-
sis sooner.

IMMUNITY IN EXPERIMENTAL CANCER.

Jensen attributed the failure of 50% of his mice
to take the tumor to the existence of a condition
of natural immunity in the negative animals.
In addition to a failure to take the tumor, many
observations have since been made as regards the
résorption of tumors that were apparently grow-
ing well. Thus, Wehr noted the spontaneous
disappearance of lymphosarcomata in dogs.
Gaylord and Clowes found that 20% of their
apparently successful inoculations in mice would
show résorption after a period of growth. Lewin
has noted similar results in connection with rat
tumors. Michœlis has noted the disappearance
of tumors that have grown for as long as four
weeks in mice.

The most systematic attempt to explain this
condition of natural immunity to tumors in ani-
mals is the theory of atreptic immunity advanced
by Ehrlich. It has already been mentioned that
the tumor of one species will rarely or never grow
in an animal of another species. Ehrlich found
that, although no definite growth of a mouse
tumor would take place in a rat, such an in-
oculated tumor would show growth for about
eight days, after which time it gradually disap-
pears. He found that if before this eight-day
period the mouse tumor which had been placed
in the rat is removed and re-implanted in a mouse,
vigorous growth took place. Such a tumor can
be subsequently re-implanted in another rat and
grown for a period of eight days. No growth, how-
ever, takes place if the tumor is transplanted from
the first rat directly to another rat without inter-
vention of the mouse. These experiments have
been repeated and confirmed by Borrell. Ehrlich
attributes the failure of the mouse tumor to grow
in the rat to a lack of certain " X " substances
which are present in the mouse and are necessary
for the growth of the tumor. These substances
are not present in the rat, and the tumor of the
mouse transplanted into this animal can grow
only so long as the " X " substances brought over
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mechanically with the tumor last. After the
exhaustion of these substances, it is necessary to
re-implant the tumor in the mouse in order to re-

gain these particular substances. He further
presupposes that the " X " substances act either
directly or indirectly in furnishing nourishment
to the cancer cells. This theory of Ehrlich's was
further corroborated by his observations of the
growth of several tumors along the line of inocula-
tion. Ehrlich found that on inoculating mice by
a trochar subcutaneously from the groin to the
axilla the greatest amount of tumor was dis-
charged at the latter point. The tumor at the
axilla then grew rapidly, whereas the one in the
groin, being somewhat smaller in the beginning,
soon fell behind proportionately in size. This
failure of the groin tumor to grow, Ehrlich
attributes to a monopoly of the " X" substances
by the larger tumor in the axilla. A third ob-
servation which contributed to form his atrcptic
theory was that a second implanted tumor would
almost never grow in a cancer animal. This latter
experiment, as we shall see in a later connection,
is true only under certain conditions, and a con-

sideration of these conditions has led to perhaps
the most interesting results so far obtained in the
artificial immunity of animal tumors.

We may now consider the condition of immun-
ity produced in mice or rats which have resorbed
a tumor. Gaylord and Clowes noted that animals
in which the tumor had been resorbed resisted
re-inoculation with another tumor. These obser-
vations have been repeatedly confirmed since that
time by other observers, the results differing only
in a matter of percentages. It may in general
be accepted that animals which have failed to
take a first tumor, or which have resorbed a first
tumor, will rarely take a second tumor; animals
which have failed to take both a primary and a

second tumor will practically never take a third
tumor. The rat that was used in Ehrlich's exper-
iments with the mouse tumor not only failed to
allow the mouse tumor to grow for more than eight
tlays, but it was found that it would subsequently
actually prevent the growth of a similar tumor
coming directly from the mouse for even that brief
space of time. In other words, as Ehrlich him-
self states it, the rat had acquired an active im-
munity to the mouse tumor in addition to the
atrcptic immunity that was originally present.
In a similar way Ehrlich found that animals
which had received poorly transmissible tumors,
and particularly the hemorrhagic tumors to which
reference has been made, become subsequently
resistant to highly transmissible tumors. And
in a similar way he found that animals which have
failed to take a moderately virulent carcinoma
become immune not only to another implantation
with the same tumor, but also to implantation
with sarcomata. As a result of these observa-
tions, he concludes that the active immunity of
mice to tumors is a pan-immunity rather than a

specific immunity for any particular type of
tumor. Other observers agree more or less com-

pletely with these results and conclusions. It
may be stated in general that a tumor which fails I

\

to take protects best against reinoculation with
the same tumor, but also, although to a somewhat
less extent, against inoculation with another
tumor of different type. It has been noted by
Clowes that living tumor cells must be used to
produce this immunity and that extractives of
the tumor itself will not give rise to the condition.

Bashford, Murray and Cramer found that mice
which had received ten days or two weeks pre-
viously an injection of mouse blood are insuscep
tibie to the ordinary transmissible tumors of mice.
Either whole blood or the red blood cells may be
used to produce this condition or resistance. The
blood, however, must of necessity be of the same
animal species. This observation has been con-
firmed by Lewin in tumors of the rat. Schöne
found that the previous injection of mouse em-

bryos or of mouse liver will likewise give rise to a
condition of immunity.to mouse tumors, and
Bridré found that the injection of liver or spleen
from the mouse will likewise protect against
mouse tumors. Russell, who has corroborated
these experiments, comes -to the conclusion that
variations in the percentages of protection pro-
duced by previous injections of these different
organs will of necessity vary, and that the great-
est protection is secured by the previous injection
of a tissue the histogenesis of which is nearest to
that of cancer itself. Gierke has tried the effect
of simultaneous injection of blood and tumor, but
was not able to protect animals from the tumor
by this method. In my experiments on a rat
tumor I have obtained the same results.

Since it is evident from these experiments that
mice that have been previously treated either
with tumor or with other tissues from a mouse
become immune to inoculation with the mouse

cancer, it becomes important to ascertain the
exact nature of this immunity as compared with
other known, forms of immunity. Gaylord,
Clowes and Bœslack claimed that the blood of
mice which had recovered by résorption of a

tumor had the property of curing mice that were

suffering from the cancer, and, when injected with
the cancer, of preventing the growth of the latter.
These experiments have unfortunately never been
corroborated, although they have been repeat.cd
by many experimenters. In my own experiments
I find that rats receiving simultaneous injection of
the Flexner rat tumor plus the blood of animals
that have received three or four implantations of
tumor without any resulting growth give just as

high a percentage of tumors as do animals treated
with tumor plus normal rat blood or with tumor
alone. Throughout my experiments I have noted
the important variation in racial susceptibility to
the tumor. This factor, as I have already men-

tioned, has been repeatedly noted by other
observers in mouse tumors. Thus, in my own

experiments, whereas the most susceptible strain
of rats took the tumor in 100%, rats from another
dealer took in only 50%, and animals from other
sources still took in even less than 50%. I found
that the inoculation of tumor plus blood of nega-
tive or refractory animals in relatively susceptible
animals gave no less percentage of takes than the
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inoculation of tumor alone. In dealing with
animals from a markedly insusceptible strain, a
curious paradox was met with. It was found that
such animals would take in many more instances
when they received the refractory blood than
when they received tumor alone.

Michaelis investigated the properties of the
blood in mice that had been rendered artificially
immune to mouse tumor. He found that the
blood serum of such animals had no demonstrable
antagonistic property against cancer cells, that
is, it failed to destroy them, and, when mixed with
an emulsion of cancer cells, produced no " re-
action of fixation." This reaction of fixation is
the most delicate method at our disposal for the
demonstration of anti-substances in the scrum of
animals that have been immunized against, or
have reacted to, a bacterial infection. From
these experiments, then, with a cancer emulsion
and serum of immune animals, we may conclude
that the immunity to cancer animals does not
correspond to the ordinary bacterial immunity.
These reaction of fixation experiments I have re-

peated in the case of the rat tumor which I have
studied and have also failed to obtain any reaction
of fixation. Sticker noted that the blood of aogs
that had recovered from lymphosarcoma failed
to affect the cells of this tumor. Becbe and Crile
have, however, described certain experiments
with animals suffering from lymphosarcoma
which might seem to demonstrate the presence
of certain antagonistic properties in the blood of
immune animals. These authors found that the
transfusion of blood from a dog that had recov-
ered from the lymphosarcoma into an animal
suffering from the tumor would lead, in certain
cases, to a disappearance of the tumor. These
experiments they controlled by transfusing the
blood from normal dogs into other cases. The
differences seem to be marked between the two
series of animals. It is, however, to be noted that
in nearly all their successful experiments more
blood was transfused into the cancer animal than
had previously been removed by bleeding, which
would seem a factor of some importance in deter-
mining the cure.

Bridré, on account of the fact, that various
mouse tissues may be used in immunizing mice
against mouse tumor, has referred to this form of
immunity as an iso-immunity to mouse tissue.
This immunity, however, does not resemble in
any exact way other forms of immunity which
have been described.

As in the case of human beings, many attempts
have been made, on more or less empirical lines,
to produce an antiserum for cancer tissue. Rab-
bits, goats, hens and guinea-pigs have all been
given repeated injections of mouse tumor and
their sera have then been employed in treating
tumors in mice. The results from such treatment
have been, however, entirely negative.
RE-IMPLANTATION OF TUMORS IN CANCER ANIMALS

AND A CURE THROUGH VACCINATION.

In spite of Ehrlich's original statements as to
the monopoly of food substances, cither by a

larger of two tumors or by the first tumor when
two are implanted successively, it has become
evident, through the experiments of many in-
vestigators, that this support for a theory of
atreptic immunity works out experimentally in
only a limited number of cases. It has been re-

peatedly shown that simultaneously inoculated
tumors in a given animal will grow equally well.
A number of investigators succeeded in growing
a second tumor in a cancer-bearing animal.
Loeb, Bridré and Gierke, indeed, regard the can-
cer animal as a more favorable soil for a tumor
than the normal animal. Schöne attempted to
put Ehrlich's atreptic theory to an experimental
proof. He reasoned that if it were true that the
first implanted tumor monopolizes the nutritive
substances to the exclusion of a second implanted
tumor, the removal of this first tumor should
allow the second one to grow. He removed,
therefore, a tumor that had been growing in mice,
and eight days later planted a second tumor and
found that it grew. Sticker, who is working with
the lymphosarcoma of dogs, finds that the growth
of a tumor in an animal may be divided into two
definite phases. During the first phase, which is
characterized by the absence of metastasis to the
tumor, the removal of the first tumor is necessary
to allow the second tumor to grow. During the
second, or metastatic, phase, a second inoculated
tumor grows irrespective of the presence or re-
moval of the primary tumor. Murray, in com-

menting on these experiments, has stated that
re-inoculation of the tumor, when positive, means
that a metastatic phase is present. Flexner and
Jobling have repeated these experiments with
the rat tumor and have shown that during the
first period of tumor growth the animal is pro-tected from a second inoculated tumor.

Independently of Schöne, I tried, about a year
ago, the effect of implanting tumors in animals
from whom the first tumor was removed. In-
stead of waiting for eight days, as did Schöne, I
re-implanted the tumor immediately after remov-

ing the first tumor and found that whereas this
second tumor failed to take in tumor animals up
to the thirtieth day of growth, it took in them
from that period on. This period of thirty days
corresponds rather closely to the time during
which no métastases are evident following inocula-
tion of this tumor in most susceptible animals.
In these susceptible animals which take the tumor
in 100% of cases, métastases occur at a rather
definite period following implantations of a uni-
form amount. This period is between thirty and
forty days. My results, then, would agree thor-
oughly with those of Sticker as regards the
separation of the life history of the tumor growth
into two definite periods, a pre-metastatic and a
metastatic period.

In some experiments which were designed
primarily to control the re-implantation of tumors
in animals from which the first tumor was re-

moved, most interesting results were obtained. I
found that if animals were given a second im-
plantation of tumor up to the period of thirty or

thirty-five days, without removal of the primary
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tumor, not only did the second tumor fail to take,
but the first tumor actually disappeared. In
certain experiments, comprising a number of ani-
mals, the original tumor disappeared in nearly
every instance. At later periods of time, the
second inoculated tumor grew and the first con-
tinued to grow. This type of experiment has
since been repeated a number of times with the
additional control of an equal number of animals
in whom a second inoculation is not given and the
primary tumor simply left. These control ani-
mals are designed to show that the first tumor
does not spontaneously resorb in animals that do
not receive the second tumor inoculation. As a re-
sult of these experiments, I have found that in
approximately 50% of the animals treated during
the first three or four weeks of tumor growth,
re-implantation of the tumor will lead to a cure of
the original tumor and to a prevention of métasta-
ses. The original tumor usually disappears under
this treatment within two weeks. In certain
animals in whom the disappearance of the original
tumor is delayed or in whom the cure is imperfect,
a histological study of the partially cured tumor
is of interest. Such tissues show that either an
enormous increase of the connective tissue stro-
mata has taken place or that there is acute
degeneration of the epithelial cells.

This cure by vaccination, if it may be so called,
corresponds in many details to what we know of
the treatment for rabies, in which instance the
individual may be treated successfully by vacci-
nation, that is to say, by successive inoculation
with the virus of rabies, at any time up to the
third week following the bite of the rabid animal.
The pre-metastatic period in cancer growth in
animals would correspond, then, to a period of
incubation, and the disease itself would be con-
sidered as declared only when métastases appear.
These results in a treatment of growing tumors by
re-inoculation have been mentioned as incidental
happenings or have been indirectly touched upon
by certain observers. Sticker, for example, men-

tions that he was able to cure a sarcoma in dogs
at times by treating the animals with an emulsion
of sarcoma cells. Bridré noted a very unexpected
disappearance of a mouse tumor in a few animals
which had been treated with an emulsion of the
tumor. Gaylord, on re-inoculating mice every six
days, obtained a growth of the first two or three
tumors, which tumors, however, after a period
of growth, disappeared on subsequent inoculation,and the animal became immune. In other words,
he was able to produce a condition of immunity
through vaccination with a malignant tumor.
His results differ from my own, inasmuch as I
have produced a cure of a tumor that has been
growing three or four weeks by a single re-inocula-
tion, in which instance the re-inoculation fails to
give a growth.

Reference has already been made to the failure
of the blood serum of animals immunized against
a tumor to give a reaction of fixation with an
emulsion of tumor cells. In other words, ani-
mals immune to cancer apparently do not contain
antibodies to cancer cells such as those that are

present in the usual bacterial infections. It is of
interest to note that in the case of human beings
suffering from cancer, a reaction of fixation be-
tween their blood and cancer tissue has been
proved both by Lüdkc and by Simon and Thomas.
The latter observers found a fixation reaction in
65% of the cancer cases they examined, whereas
such a reaction occurred in only 2% of control
normal individuals or in cases suffering from other
diseases. These authors also mention that they
have treated some cases of cancer with cancer ex-
tract. They do not, however, state that they
have obtained any favorable results. In my own

experiments with the rat tumor, I have found that
a reaction of fixation was at times demonstrable
between the blood serum of cancer rats during the
pre-metastatic phase, but not during the metasta-
tic phase. Similar results were obtained by Clowes,although he makes no separation into metastatic
and pre-metastatic periods, but simply says that
he obtained a reaction of fixation with the moder-
ate size tumors, but not with the largest tumors.

It would seem justifiable, then, as a working
hypothesis, to regard the pre-metastatic period of
a tumor as a period during which the animal
shows reaction products to cancer tissue, and
during which period the animal is able success-

fully to combat a generalized infection of the
cancer. In those cases in which spontaneous
résorption of the tumor occurs, which, as we have
already stated, are relatively frequent in animals
and have also been described in human beings,
we mayr suppose that the resistance of the indi-
vidual has succeeded in overcoming the cancer.
From our experiments in animals, it would seem
possible that during this pre-metastatic reaction
period, the resistance of the individual may be
increased by re-inoculation of the tumor, or possi-
bly of products of the tumor, to such an extent
that the résorption of the original tumor may be
brought about.

Original Articles.
THE IMPORTANCE OF ACTIVE MUSCULAR

EXERCISE IN THE RESTORATION OF
FUNCTION.*

BY C. HERMANN BUCHOLZ, M.D.,
Surgeon in Charge of the Medico-Mechanical and Hydrotherapeutic

Department of the Massachusetts General Hospital, Boston;
Assistant to the Orthopedic Surgeon.

Sports and gymnastics are rightly considered
as essential factors in promoting the public
health, and not everywhere are they so lightly
valued as in this country. State and common-
wealth have the greatest interest to encourage
their development, because they help to build up
the youth ; they are by far the best source from
which adults may gain strength; they invigorate
the old people.

Sports require perfect health of the mind and
body, but whenever the function of any organ is
injured, people are usually not able to derive any

* Read at the annual meeting of the Suffolk District Medical
Society, April 24, 1909.
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